Abstract Quantitative assessment of nitrite (NO 2 -) anion was performed using a newly developed high throughput ultra performance liquid chromatography-mass spectrometric (UPLC-MS) method. The nitrite determination with the proposed method using micellar mobile phase was unknown. Selected ion reaction mode using negative electrospray ionization was adopted for the identification and quantitative analysis of nitrite. The chromatographic separation was performed using BEH C-18 column and a micellar mobile phase consisted of sodium dodecyl sulphate and acetonitrile in ratio 30:70 was used. The elution of nitrite anion was accomplished in less than 1 min. Under the optimal analysis conditions, the linearity of the developed method was checked in the concentration range of 0.5-20 mg kg -1 NO 2 -with an excellent correlation coefficient of 0.996. The precisions of the method with relative standard deviation \2% was observed when standard at concentration of 1 mg kg -1 was used. The limit of detection and limit of quantitation of the developed mass spectrometric method was found to be 0.114 and 0.346 mg kg -1 , respectively. The developed UPLC/MS method was applied to quantify this anion in processed meats and poultries from various super market of Saudi Arabia (Riyadh region). The recoveries of the nitrite in the various samples were found in the range of 100.03-103.5%.
Introduction
Nitrites (NO 2 -) are nitrogen-oxygen chemical units which combine with a number of organic and inorganic compounds. This is an ambidentate ligand and believed to bond to metal centers in at least five different ways. They find their use in biochemistry as a source of potent vasodilator nitric oxide. Nitrites are one of the most talked ions in the meat industry due to its applications in the curing and preservation of various processed meat and poultry. These anions are normally used to preserve the color of the meat so that it remains pink or red and look fresh. In the meat industry they are usually mixed with meat binders or cure ingredients and are added to various meat products as a sodium or potassium salt. Thus, the addition of sodium nitrite has led to the production of meat with better-quality and safety as it extended storage life and improving desirable color/taste (Sindelar and Milkowski 2012) . In addition, nitrites are also believed to inhibit botulism to some extent to control the spores and they can survive in the normal heating process and upon getting the favorable conditions they may produce vegetative cell which in turn can create lethal toxins (Christiansen et al. 1973) . Despite of the several advantages in various applications, its use should be restricted as high level of these ions can be hazardous to human. It has been reported that nitrite either added or the one produced from the organism that reduces nitrate to nitrite, in both the cases reacts with the myoglobin, an iron and oxygen binding protein to produce the typical red color of the pickled meat (Eggers and Cattle 1986) . Another important ill effect of consuming excess amount of nitrite is that it inhibit the transportation of oxygen a condition medically known as methemoglobinemia. Additionally, it can also lead to risk of Type 1 diabetes in children where babies born to pregnant mothers consuming plenty of nitrites can possibly lead to the disease in the new born babies (https://stoppoisoningus.org/ sodium-nitrite-effects/).
Typically, in the stomach nitrites react with amines or amides and form N-nitroso compounds which are found to be carcinogenic to human health (Hernández-Ramírez et al. 2009) , and has been reportedly linked to stomach, esophagus and bladder cancer (Bartsch et al. 1990) .
Considering the number of detrimental effects on human health various regulatory authorities have come forward with the guidelines to limit the content of the nitrites in various food stuffs including meat. In the current communication, we are concerned about the meat analyses, for which the various regulatory authorities established a permissible limit for the residual nitrites (40-100 ppm) in general, in some cases, however, the reported limit is 100-150 mg/kg. (Zahran and Kassem 2011; EFSA, European Food Safety Authority 2010) . Therefore, considering the plenty of applications of nitrites and their adverse effect to humanity, it is highly demanded to develop a novel analytical method for their identification and determination in various meat products.
Several attempts have been made by research scientists using variety of analytical techniques to determine the content of nitrite in meat samples including spectrophotometry and colorimetry (Hamano et al. 1998; Van Staden and Van der Merwe 1998; Follett and Ratcliff 1963) , HPLC (Wootton et al. 1985; Siu and Henshall 1998; Dennis et al. 1990; Wootton et al. 1985; Sen et al. 1994) , capillary electrophoresis (Oztekin et al. 2002; Pereira et al. 2012) , potentiometry (Vlascici et al. 2006) , and amperometry (Ocnaru et al. 2013) . In addition to the meat samples, nitrites have been evaluated in readymade soups (Erkekoglu et al. 2009 ), food samples (Lee et al. 2006; Jiang et al. 2010 ) vegetables (Chou et al. 2003) , etc. Some reviews based on the determination of nitrite has also been reported in the literature (Usher and Telling 1975; Sebranek and fox 1985) . In the current research the micellar mobile phase has been used for the first time for nitrite determination by the UPLC-MS technique. Micellar mobile phase is considered one of the most significant mobile phase for the separation of inorganic ions, since the mobile phase contains micellar aggregates, homogenous macroscopically and have the ability to dissolve most of the compound that are difficult to get solubilize in solvents (Okada 1997) . Regarding the advantages of the micellar mobile phase, it has been reported by Armstrong and Henry 1980 , that many amphiphilic, hydrophobic and hydrophilic molecules interact differentially with micelles. Although in this article simultaneous determination was not carried out yet simultaneous peaks of hydrophilic and hydrophobic solutes can be observed on a chromatographic run using micellar mobile phases.
Nitrate has been determined earlier using CTAB surfactant as micellar mobile phase (Siddiqui et al. 2015) . The current communication deals in development of a high throughput analytical method to measure the content of nitrite in various processed meats and poultry samples.
Materials and methods
All the chemicals used in the method development process were of analytical reagent grade. Sodium dodecyl sulfate (SDS) was obtained from Sigma-Aldrich (St. Louis, MO, USA). Acetonitrile was supplied by BDH Chemicals Co. (Poole, England) and used as organic modifier. Water was purified through Milli Q system (Millipore, Bedford, MA, USA) and was used throughout the experiment. Sodium nitrite used as standard was manufactured by SigmaAldrich. All the stock standards were filtered through a 0.22 lm PVDF syringe filter (Membrane Solutions, TX, USA) before being injected for the analysis. The real samples of various poultry and meat samples were collected from the super and hyper markets of Riyadh city, KSA.
Instrumentation
Waters Acquity ultra-performance liquid chromatography system equipped with a mass detector (Waters Corp., Milford, MA, USA) was used for the chromatographic analysis of nitrite. The analyses were performed at room temperature. Under the optimized experimental conditions nitrite peak was obtained using BEH C 18 column (100 mm 9 2.1 mm, 1.7 lm particle size).
The detection and quantitation of nitrite samples were performed on a Micromass manufactured, Quattro Premier triple-quadrupole mass spectrometer equipped with an ESI source. The UPLC-MS system comprises of Oerlikon rotary pump (Model SOGEVAC SV40 BI) which provide primary vacuum to the mass spectrometer. Electrospray negative ionization mode was used to generate the ion at m/ z 46. High purity nitrogen (99.99%) was produced using a Peak Scientific nitrogen generator model NM30LA (Inchinann, UK) and used as nebulising, desolvation and cone gas, while high purity argon (99.9999%) was purchased from Specialty Gas Centre (Jeddah, Saudi Arabia) used as collision gas. Data acquisition was carried out with MassLynx V4.1 software.
Sample analysis

Calibration standard preparation
Nitrite standard solution was prepared by dissolving 75 mg of sodium nitrite (where the nitrite content was 50 mg) in 1000 ml of Milli Q water to prepare 50 mg kg -1 of stock solution of nitrite. Nine calibration samples were prepared by further diluting the standard stock solution with Milli-Q water. Each sample was quantitatively analyzed three times and the mean of each was considered to prepare the standard calibration graph.
Extraction of nitrite from real samples
The very simple and fast extraction of nitrite was achieved, adopting a previously reported method with little alteration (Hsu et al. 2009 ). Briefly, in the current extraction method, 10 g of each individual meat samples were separately homogenized along with 100 ml of nitrite free Milli Q water. Each individual samples were then kept at 80°C for 15 min and were allowed to cool at room temperature followed by centrifugation for 10 min at 6000 rpm at room temperature (25 ± 2°C) as well. After this step, the supernatants of the centrifuged samples were collected and filtered through filter paper and kept in refrigerator until the analysis is performed. Before injecting into the chromatographic system the filtered samples were again subjected to filtration through 0.45 lm PVDF syringe filters to avoid obstruction of the UPLC system, such as blocking of the ion source and columns. To check the applicability of the extraction method, recovery studies spiked with standard nitrite samples in various concentration levels were performed. The spiked samples were processed using same extraction steps and the recovery results were recorded.
Results and discussion
A high throughput UPLC-MS method has been developed to analyze nitrite quantitatively in meat and poultry samples. The developed method has a clear advantage over the existing analytical methods in term of shorter analysis time, good sensitivity, and low consumption of solvents, also the SIR techniques confirms the identity of target analyte as well. To obtain the best results optimizations of various investigational conditions were performed which are mentioned below.
Optimization of chromatographic conditions
Amount of nitrite ion was determined using ultra performance liquid chromatography coupled to mass spectrometry on BEH C-18 column using binary mobile phase of sodium dodecyl sulfate (SDS) and acetonitrile with proper composition. SDS is derived from inexpensive coconut and palm oil and finds a great application in many cleaning and hygiene products. In our present communication we applied the combination of SDS and acetonitrile as mobile phase to determine the content of nitrite in meat samples. SDS has previously been used as a constituent of the mobile phase in chromatographic separation of vitamins (Almagro et al. 2002) .
Initial separations of nitrite were tried out using SDS and methanol on C-18 column; the results in terms of peak shape were not encouraging which led to the replacement of the organic modifier. Replacing methanol with acetonitrile as an organic modifier brought encouraging resulted in terms of peak shape and sensitivity which was further improved by optimizing the contribution (v/v) of organic modifier in the mobile phase. For this purpose, various ratios were tried and highest sensitivity was obtained when acetonitrile contributing 70% of the mobile phase and sodium dodecyl sulfate was 30% and was selected as optimum mobile phase composition. Flow rate of the mobile phase also has effect on the separation of the analyte and a flow rate of 0.3 ml min -1 was found to be ideal for estimation of nitrite. Under these chromatographic conditions the NO 2 -was eluted at 1.04 min.
Optimization of ESI-MS condition
ESI-MS analysis permits the detection of the nitrite based on the molecular mass. In order to obtain full analyte response, the ESI-MS conditions were optimized. The optimization of the MS condition for nitrite detection was achieved by performing direct infusion of 2.5 ppm nitrite sample. During the experiments it was observed that most abundant signals were obtained at electrospray negative ionization (ESI -) mode. The influence of other parameters were optimized in the range of, capillary voltage, 2.0-4.5 kV; cone voltage, 10-100 V; source temperatures, 100-150°C; desolvation temperature, 200-450°C; desolvation gas flow, 400-600 l h -1 ; and cone gas flow, 40-60 l h -1 . The maximum intensity was obtained at capillary voltage, 4.5 kV; cone voltage, 44 V; source temperature, 120°C; desolvation temperature, 300°C; and desolvation gas flow, 600 l/h. For the detection purpose selected ion reaction (SIR) was used because of its higher sensitivity. The optimized MS parameter is mentioned in Table 1 , whereas, standard nitrite MS spectra executed for the authentic NO 2 -sample and its corresponding chromatogram is shown in Fig. 1 .
Method validation Confirmation of identity of nitrite
The identity of the studied compound i.e. nitrite was checked by infusing nitrite standard (2.5 mg kg -1 ) into the electrospray ionization-mass spectrometry (ESI-MS). Full ion scan was performed in negative mode and the spectra were obtained. The major component in the spectra having m/z 46 confirms the presence of NO 2 -. The same has earlier been shown in Fig. 1 .
System suitability
System suitability parameter is important to ensure the complete analytical system such as reagents, column and the analytical instrument are fit for the quantitative and qualitative analysis. Briscoe et al. (2007) reported that the stability of the chromatographic signal and carry over are important parameters to evaluate the system suitability. To ensure the suitability of the system and the procedure six different nitrite standards were injected into the chromatographic system and the responses were recorded. The RSD (%) of the peak area of six replicates of nitrite were found to be less than 2% which indicate good performance of the system.
Linearity and calibration curve
Linearity studies were performed using seven different concentrations of nitrite. Prior to ascertaining the linear response mobile phase was injected to check possible interference, which was not observed. To verify the linearity nine samples at each concentration level of 0.5, 1, 2, 2.5, 3.5, 4.0, 5.0, 10 and 20 mg kg -1 were quantitatively analyzed and the mean of each was used to prepare the calibration graph. Calibration graph was prepared by plotting the peak area versus the concentration of nitrite ion with a correlation coefficient of 0.9966.
Precision and accuracy
Both the terms are co-related and precision without accuracy has little importance. The accuracy and precision studies were performed at three concentration level (0.5, 2.5, 5.0 mg kg -1 ) within the linear range. At the selected concentration levels intraday and inter-day precision studies were conducted and the results are mentioned in Table 2 . From the table it is apparent that relative standard deviations at each concentration levels for both inter-day and intra-day precision are within the acceptable limits with excellent recovery.
Limit of detection (LOD) and limit of quantitation (LOQ)
LOD and LOQ were evaluated as amount of analyte that produced a signal-to-noise ratio of 3:1 and 10:1, respectively. These values were calculated by analyzing six replicates of a blank sample and that spiked with sodium nitrite at low concentration levels. The LOD and LOQ found to be 0.114 and 0.346 mg kg -1 , respectively.
Recovery
Recovery of the developed method was checked by spiking the nitrite standard in the 10 g the samples at four different concentration levels of 0.5, 2.5, 3.5 and 4.5 mg kg -1 . The spiked samples were processed as per the ''sample preparation'' step and the amount of nitrite was calculated in terms of % recovery. The results of the recovery studies are mentioned in Table 3 .
Application of the method
The developed UPLC-MS method was applied to determine nitrite in different meat and poultry samples. Twelve different samples of meat and poultry were subjected to the UPLC-MS analysis for Nitrite determination after processed as mentioned in ''sample preparation''. Each of the twelve samples were prepared in two set where one set was analyzed directly after extraction while the second set was spiked with known concentration of the nitrite and was analyzed for the nitrite content. The 10 mg kg -1 of nitrite was mixed prior to the sample extraction process. The results from the real samples shows that in all the analyzed samples the amounts of nitrite were found in the range of 41.72-91.78 mg kg -1 , while the %recovery of the spiked real samples were found in the range of 100.3-103.5 mg kg -1 (Table 4) . The results confirm the applicability of the proposed method for nitrite analysis in poultry and meat samples. The sample chromatogram of nitrite in meat sample and spiked sample is shown in Fig. 2 .
Comparison of the developed method with the existing methods
Quantitative analysis of anion has always been an issue for the analysts; the retention of anions is higher with ion chromatography than that of the reversed phase chromatography which permits the retention of the anions on the basis of hydrophobic interaction. In the literature the enzymatic method for estimation of nitrite is sensitive enough but take 15 min to analysis time (EFSA, European Food Safety Authority 2010; Van Staden and Van der Merwe 1998) applied sequential analysis method for the estimation of nitrite in meat samples but the procedure involve a very tedious steps involving diazotization and coupling reaction. The HPLC method reported in the literature (Follett and Ratcliff 1963 ) has lower recoveries and higher limit of detection and quantitation. Capillary electrophoretic method by Oztekin et al. (2002) involves the use of buffer and has the instrumental analysis time more than that of the current method. In the present communication, UPLC-MS was applied to attain a faster separation and low analysis time of 2.0 min for analysis of nitrite. A very low LOD of 0.114 mg kg -1 and LOQ of 0.346 mg kg -1 were attained due to the high selectivity and sensitivity of the MS detector. The obtained results indicate that very low level of the nitrite could be quantified in the meat samples.
Conclusion
The developed UPLC-MS method propose a rapid and accurate analytical determination for nitrite in various meat and poultry samples. The SIR techniques confirms the identity of nitrite as well. During the analyses matrix interferences were not observed. The results obtained during the validation and the real sample studies shows that 
